Recent evidence suggests that massive amounts of practice of the basketball free throw (a "set shot") results in the development of a specific memory representation that is unique to this one shot distance and angle, and that is distinct from set shots taken at locations other than the free throw line. We termed this unique capability an especial skill. In this article, we review the evidence and provide new data regarding the existence of especial skills. These findings are discussed in terms of their implications for motor control theory and in terms of the broader context of specificity versus generality in the learning of motor skills.
Generality Effects in Motor Control
Motor skill generality suggests that the representation of motor control in the central nervous system provides opportunities for skills to be performed in many different ways. Lashley (1942) provided an early demonstration of generality by asking blindfolded subjects to write words with their dominant hand, nondominant hand, and foot. The similarity of the individual's handwriting characteristics under the different conditions and with different effectors was remarkable (see Bruce, 1994; Schmidt & Lee, 2005, p. 194 , for more details). Further evidence by Bernstein (1967) and others (Merton, 1972; Raibert, 1977) supported the argument that the representation that underlies handwriting skill was abstract-one that was not stored in memory as a representation that was imbedded with neural commands to specific effectors.
Schema theory (Schmidt, 1975 (Schmidt, , 2003 further developed this concept, suggesting that motor skills were represented by two generalized memory structures. According to schema theory, a class of motor skills is represented by a single representation, the generalized motor program (GMP), which stores the invariant features that control the movement's production (such as the relative timing of unspecified degrees of freedom). A class of motor skills would be defined as a set of goal-directed actions that all share similar underlying characteristics, or "form," such as relative timing relationships. For example, overarm throwing might be a single class of motor skills because all throws share similarities in the underlying timing patterns that are involved in producing the action. Any one performance of the GMP is facilitated by retrieved information from a second memory representation, the recall schema, which is responsible for assessing and supplying the parameters for the action (such as the overall time and force) to the GMP. The recall schema works like a type of regression equation by scaling the parameters as needed. According to the theory, when the performer attempts an action in the class, she or he retrieves the GMP for that class, and then adds parameters to the program to suit the environmental demands. In summary, one memory representation (the GMP) is needed for the underlying characteristics of an entire class of movements. The other representation (recall schema) can be used to supply the GMP with the details needed to produce a specific action as needed (i.e., the specifics do not need to be stored in advance). Thus, two generalized representations eliminate the need to have a separate program for each and every different way that the action can be produced.
Specificity Effects in Motor Control
At the same time that the generality of motor skill in memory was presented in theories of motor control, numerous experiments were demonstrating extreme levels of movement specificity effects. These effects were seen in experiments whereby the "conditions" in which motor skills had been acquired were then altered in tests of retention and transfer. Many variations of this basic experimental theme have been studied, and many of them show a similar finding-more expertlike performance is demonstrated when the "conditions" remain the same in retention or transfer as they had been during the acquisition period, compared with situations when there had been a change in the conditions underlying practice and test.
Of course, a key issue here is the definition of what a "condition" is, and how the effect of changing these conditions would impact the performance of motor skill. One attempt has classified these specificity effects as sensory-motor specificity, context specificity, or processing specificity (Schmidt & Lee, 2005, chapter 11 ). An example of altered sensory-motor conditions is seen in experiments in which sensory information (e.g., vision) is systematically added or removed at the time of test (e.g., Proteau, 1992; Proteau, Marteniuk, & Lévesque, 1992) . These experiments have shown that either removing or adding sensory information, and thereby changing the information that had been available during the learning trials, had a degrading effect on the performance of the test trials. Further, data revealed that the degrading effect was more pronounced as the number of practice trials increased (see also Jordan, 1995; Park & Shea, 2005) .
Context-specificity effects are represented by a class of experiments in which task-related information is altered at the time of test, perhaps with the participant being unaware of the change, and resulting in degraded performance (e.g., Wright & Shea, 1994) . Some of the ubiquitous home field advantage in sport may be a consequence of context-specificity effects. Processing specificity effects are seen when practice engenders a particular type of cognitive processing, which then facilitates later test performance when the same processing operations are promoted by the "conditions" of the test. Contextual interference effects, in which the advantage of random practice conditions remain strong despite similar (random) or changing (blocked) conditions at test, are thought to be due mainly to enhanced cognitive operations that support retention (Shea & Morgan, 1979) .
However, despite the frequent demonstration of specificity in motor control and learning, there have been few attempts to model these effects in theories. One exception was Adams (1971) closed-loop theory, in which he represented the accumulation of skill as the learning of a specific representation in memory. According to Adams's theory, the learning of a blindfolded positioning movement resulted from the strengthening in memory of a specific underlying neural representation, which he called the perceptual trace. We have illustrated this aspect of Adams's theory in Figure 1 . Early in learning (top panel), trace strength is generalized across many representations, both correct and incorrect. With continued practice and learning, the optimal or correct representation is selectively strengthened, thereby weakening the relative strength of competing representations (middle panel). The correct movement (bottom panel) is represented as a highly specific representation that has been strengthened to an extreme level, compared with competing (incorrect) perceptual traces. Although limitations in the Adams (1971) theory have been noted over the years (see Schmidt & Lee, 2005, chapter 13) , it is one of few and perhaps only, motor control theory that has attempted to deal with the issue of specificity effects.
Thus, evidence to support the existence of specific and general motor skill representations is abundant in the literature. However, rarely (if ever) have these apparent contradictions been acknowledged or discussed explicitly in theories of motor control (see Chamberlin & Magill, 1992 , for a notable exception). In short, how can extreme specificity and generality effects be explained within a single theory of motor control? One answer to the foregoing question is to deny that specificity and generality effects represent a problem for motor control theory. Essentially, the denial comes in the form of an "apples vs. oranges" argumentresearch paradigms that demonstrate specificity of learning effects are so different from the paradigms that reveal generality effects that their comparison, and divergent results, are moot issues. We accept that argument, but only to an extent. But, what if both specificity and generality effects were found within the same paradigm? In that case, we would argue that motor control theory would be forced to consider seriously the problem of how such diverse effects could coexist. To provide additional insight into this question, we sought a way to examine a class of tasks where one member of the class had far more practice than the others. It is the documentation of such evidence that we discuss next.
Especial Basketball Skills
A sport skill performed by highly trained athletes provides a clear demonstration of both the specific and general capabilities of exceptional human motor performance. Research from our laboratory has demonstrated that the basketball set shot is one such sport skill. The set shot is a lower and upper limb shooting motion during which the feet do not leave the floor. This shot is almost always practiced from a line that is 15 ft from a point directly beneath the basket (i.e., a free throw from the foul line). The set shot is rarely practiced from other locations because of its limited usefulness in game play.
In an initial experiment, we (Keetch, Schmidt, Lee, & Young, 2005) asked NCAA Division I male basketball players to perform set shots from several distances in front of, at, or behind the foul line at distances spaced 2 ft apart ranging from 9 to 21 ft. Performance success of the set shot was negatively related to the distance of the shooter from the basket. This relationship is consistent with laws of motor control (Abrams, Meyer, & Kornblum, 1989; Fitts, 1954; Schmidt, Zelaznik, Hawkins, Frank, & Quinn, 1979) , and demonstrates the predictability (and hence, generality) of performance from known parameters. However, one finding was particularly noteworthy by its failure to conform to generality effects: For these highly practiced basketball players, performance of the set shot from a distance of 15 ft was much more accurate than predicted by the relationship among the accuracies of set shots attempted at different distances (see Figure 2 ). Since this 15-ft distance represents the location from which a set shot is used to perform a free throw in the game of basketball, we argued that the highly specific effect associated with this particular set shot distance was due to the massive amount of practice that had been accumulated by years of practice at this one location.
This initial experiment was replicated (see Keetch et al., 2005) with female Canadian Intercollegiate Sports athletes using distances that spanned 9 to 21 ft (see Figure 3 , left panel). In this replication, we also included an experiment in which the basketball players performed jump shots at the same locations in front of, at, and behind the foul line. Because the jump shot is not typically performed exclusively at one location, we predicted that there would be no particular advantage yielded at the 15-ft location. Therefore, we reasoned that jump shot performance from the free throw line would not be unique and performance would fall very close to the regression line (i.e., showing only generality effects). As predicted, the superior performance at the foul line was not found when individuals performed jump shots, but instead conformed to the regression equation interpolation (see Figure 3 , right panel).
As an additional test of the specificity of these effects, we compared the basketball players' ability to perform these set and jump shots when the floor markings (e.g., the key) were covered during performance. We found that both the specificity effect remained for set shot performance at the foul line and the generality effect remained for the jump shots. Therefore, the role of the floor markings were considered incidental to overall effects seen in these studies.
The finding that a highly specific exemplar (the free throw) could exist amid the background of a very general performance capability (set shots), which we termed an especial skill, poses a real and significant problem for theories of motor control, including schema theory (Schmidt, 1975 (Schmidt, , 2003 . The existence of an especial skill (the foul shot) is problematic because, according to schema theory, the foul shot should belong to a class of motor skills (set shots) that becomes increasingly generalized with advanced skill. These findings suggest that years of practice at the foul line produce a skill that has a specific motor control advantage at that particular distance that provides little or no detectable advantage for any other distance, regardless of its proximity to the foul line. Based on these results, we suggested that the massive amount of practice accrued over many years of basketball shooting establishes the free throw as an especial skill-one that repre- Keetch et al. (2005) . The filled squares represent the actual performance at the non-foul line distances, the unfilled square represents the actual performance at the foul line (15 ft), and the unfilled circle represents the predicted success at the foul line (15 ft) on the basis of individual regression analyses using the non-foul line distances. sents a highly specific capability among the general class of set shot skills (Keetch, Schmidt, Lee, & Young, 2005) .
Experiment-Further Basketball Evidence
The emergence of the free throw as an especial skill in Keetch et al. (2005) inspired us to ask the question, what is the underlying mechanism of this highly specific effect at the foul line for experts? Two alternative explanations for the existence of especial skills were examined in the study that we present here. One possibility is that massive amounts of practice at one specific instance within a class of skills improve the parameter-specification process for that unique instance. We call this the learned parameters hypothesis. In the case of the basketball free throw, according to this view, years of practice have resulted in highly overlearned specifications for the parameterizations of a 15-ft set shot (velocity, angle, spin, etc.) , and this unique, learned capability has produced especial skills such as the free throw within the general class of set shots.
An alternative suggestion is that embedded within the learned representation for the free throw is a unique visual context for the performance of that particular set shot (which we term the visual-context hypothesis). Our previous findings revealed that the specificity of the free throw was impervious to the visual context of the floor markings, because their removal still resulted in a performance advantage at the 15-ft location. However, because the free throw is always taken from the same position on the court relative to the basket, both the visual distance and the angle of the shot to the basket could be embedded in the learned representation.
We contrasted the learned-parameters hypothesis and the visual-context hypothesis in the present experiment by examining performance for 15-ft shots taken from seven locations differing in their angular relation to the basket. The free throw represents a 15-ft set shot taken from a 90° angle to the basket/backboard. We assessed performance at three locations to the left of the foul line position (at 45°, 60°, and 75° angles to the basket) and three locations to the right of the foul line (at 105°, 120°, and 135° angles). Based on the hypothesis that a learned-parameters specification for 15 ft is acquired with massive amounts of practice, no difference was predicted in the performance of the set shot at the seven different spatial locations because each of these shots conformed to an instantiation of the same learned parameters for a 15-ft shot. In contrast, the hypothesis of an overlearned, specific visual context for the free throw would predict that altering the visual angle changes the embedded visual context of the set shot. Hence, this hypothesis predicts that the performance at the six non-90° angular locations would be less accurate than at the free throw location.
Method
Ten female athletes were paid $20 (Cdn) for their voluntary participation in this experiment. They provided informed, signed consent before participation in accordance with McMaster University Research Ethics Board guidelines. All of the participants were varsity players in the Canadian Intercollegiate Sports league at the time of the study and represented all positions played in basketball (i.e., guard, forward, and center). The athletes ranged in age from 18 to 23 yr.
Set shots were taken with a Spalding 28.5 TF-1000 zk microfiber composite basketball, standard for women's competition, in a university gymnasium. Seven locations were marked on the gym floor, each designated by a letter. Each location was 15 ft from the spot on the floor directly under the front edge of the backboard, at the following angular directions to the basket (looking at the backboard, from left to right): 45°, 60°, 75°, 90° (foul line), 105°, 120°, and 135°. The session was recorded using a Panasonic PV-DV400-K digital camera and later edited on a Dell Inspiron 5100 laptop computer using Windows Movie Maker v2.1.
The players participated in a shooting session lasting approximately 45 min. All participants performed 30 set shots at each of the seven locations (total = 210). Shots at each angular direction were performed in blocks of ten. Each block of shots began with the verbal announcement of the shot location by an experimenter (e.g., "B"), at which time the participant moved to the appropriate location, was handed a basketball, and prepared to shoot. Three replications of the experimental design were performed. One replication consisted of completing a block of 10 shots from each of the seven shot locations once (70 shots per replication). The order of shot locations was randomized within and between replications, but all participants performed the same randomization. Participants were told to perform each shot at their own pace; however, a second experimenter controlled the overall flow between shots by handing a basketball to the participant after about a 5-s interval. A third experimenter retrieved the basketballs. All participants were encouraged to perform each shot with the same level of effort and desire to score the shot, regardless of location. Participants were instructed also to perform every shot in the same manner, as they would typically shoot a free throw (e.g., shot preparation, feet remaining on floor, attempt to "swish" the shot rather than bank it off the backboard). This instruction was particularly important in the assessment of the learned-parameters hypothesis, as it was assumed that each shot, regardless of location, would be performed with the same force production. Participants were able to watch the ball flight and could determine goal success from the visual feedback. Rest intervals were offered after every set of 70 shots.
Performance data from the video footage were coded using a four-point scoring system. Shots that were successful, with little to no rim contact (a "swish") were assigned a score of three points. Shots that were successful, but had bounced off the top of the rim at least once before falling in, were assigned a score of two points. Shots that were unsuccessful, but had touched the top of the rim at least once before falling away, were assigned a score of one point. Unsuccessful shots that had hit the bottom portion of the rim or missed completely were assigned a score of zero points. Similar coding systems have been reliable in previous basketball shooting studies (Hardy & Parfitt, 1991; Wallace & Hagler, 1979) and in Keetch et al. (2005) . Performance scores were converted to a percentage score: [(total points)/(3  number of shots taken)] x 100.
Results
Average performances for the set shots at the seven different locations are illustrated in Figure 4 . Separate linear + quadratic functions were computed for each of the participants using their performances at each of the locations to the left and right of the foul line. The computed functions were then used to interpolate a predicted success rate at the foul line, against which the athlete's actual performances at the foul line were compared, using a paired, one-tailed t test. The actual performance at the foul line (M = 81.2%) was significantly more accurate than the predicted performance (M = 75.8%), t(9) = 1.84, p < .05,  p 2 = .
27. An analysis of variance was also run on the performance scores for the six nonfoul line locations. A repeated measures, 2 (side: left or right of the foul line)  3 (15°, 30°, or 45° deviation from the foul line) resulted only in a main effect for side, F(1,9) = 7.34, p < .05,  p 2 = .55. As illustrated in Figure 4 , the athletes were generally more accurate when set shots were taken from a location to the right of the foul line (M = 75.6%) than from left of the foul line (M = 71.9%).
Discussion
Evidence against the learned-parameters hypothesis for especial skills was provided in the current experiment. If years of practice of the free throw had resulted in the acquisition of a specific parameterization memory for a 15-ft generalized motor program, then we would have expected performance to be equally proficient, regardless of the angle to the basket. This hypothesis predicted that the especial free throw is part of the generalized representations for the class of 15-ft set shots, but that massive amounts of practice at this one location has made the parameter selection more accurate and/or more stable. Even though the distances of these shots from the basket were identical-and hence should have had identical parameters-the 15-ft set shots from angled locations were less accurate than they were from the free throw line. Rather, massive amounts of practice of the free throw seem to have established a representation that is more specific than simply a learned 15-ft parameterization of the general class of set shots.
One possible complication in our interpretation of the results is that a 90° angle to the basket might provide the opportunity for a shot to be more successful than other angles to the basket simply because a ball might successfully rebound off the backboard. Although we specifically instructed our subjects to try to "swish" all of their shots, it remains possible that the backboard differentially aided the free throw. To assess this possibility we reanalyzed our data using only those successful shots that did not touch the rim of the basket (coded as a "3"). Using the same analysis as previously, we found that the actual shot success at the free throw line (M = 68.0%) remained higher than predicted (M = 62.8%), although the level of statistical significance fell slightly, t(9) = 1.75, p = .057. Although these findings again fail to support a learned parameters explanation of the especial effect, perhaps more evidence needs to be acquired before the hypothesis can be rejected outright (i.e., the "swish" analysis revealed an effect that just failed to reach 0.05 level of significance).
The data did reveal an unexpected bias in favor of the angles to the right side, compared with the left side of the foul shot position. This effect was rather surprising, given that postexperiment interviews revealed that 7 out of the 10 partici- pants preferred to take shots in a game situation from the left side of the court. An argument against the visual-context hypothesis might have been supported had a main effect for distance from the foul line been found. That is, if the angle to the basket were a generalizable, rather than a specific effect, then performance would have been expected to diminish as the angle to the basket became more severe (i.e., further from the free throw position). Therefore, we argue that these data failed to reject the visual-context hypothesis that the especial skill effect is due to the learned information used to regulate the performance of the free throw. The data tend to favor the argument that the specificity aspect of especial skills is due, at least in part, to the learned sensory-motor specificity. Previous research by Proteau and others (e.g., Proteau, 1992; Proteau, Marteniuk, & Lévesque, 1992) , suggest that the visual context in which practice has been undertaken imbeds the sensory-motor information in the learned representation of the skill. The especial skills effect may be due, in part, to a similar product of learning.
Especial Baseball Skills
The evidence for the existence of especial skills would be weakened if it were found only to exist for one class of motor skills (basketball set shots). This does not appear to be the case, however. A recent study by Simons, Wilson, Wilson, and Theall (in press) , examined the capability of college baseball pitchers to throw strikes from varying distances. The rules of baseball require pitchers to throw from a location that is 60.5 ft from home plate, and pitchers spend most, if not all, of their practice time throwing from this distance. Simons et al. (in press) examined performance accuracy when throwing from nine unequal distances (36.5-84.5 ft), including locations that were just one foot on either side of the regulation distance (i.e., 59.5 and 61.5 ft). The pitchers attempted to throw strikes, as determined by a commercially available "strike zone" device that provides a target and means of assessing whether a pitch would be called a strike for a batter of average size. As depicted in Figure 5 , the data of Simons et al. revealed that pitches made at the 60.5-ft mark were 42% more accurate than predicted based on the regressed data. But, perhaps more astonishingly, the pitchers were similarly, and significantly more accurate at the regulation length than either the 59.5-ft or 61.5-ft distances. A change in movement distance of just 1 ft (a distance variation of just 1.6%) completely nullified the specificity effect-the pitchers' performances at 1 ft closer to, or further from, the plate reduced accuracy to the levels predicted by the regression equations. This extreme level of specificity extends the especial effect finding beyond simply a basketball foul line set shot effect.
Implications for Motor Control Theory
Theories of motor control, perhaps with the exception of the Adams (1971) theory, are based on the premise that we do not learn specific movements or actions. Rather, we learn to produce the capability of performing skills under a variety of conditions, both previously experienced and never before experienced. The general nature of this representation of motor skill provides two advantages: It reduces the memory storage requirements and provides additional flexibility when encountering unfamiliar movement requirements (Schmidt, 1975) . So, what motor control mechanism or representation is responsible for the enhanced performance that occurs when experts performed especial skills from a very highly practiced location in a sport setting (i.e., the foul line in basketball or from the pitcher's mound in baseball)?
One interpretation, in terms of schema theory, is that the foul shot from the free throw line is represented by one specific, exceptionally well-learned motor program. A separate GMP is developed and represents the set shots from the nonfoul line locations. However, such an interpretation raises a number of questions, such as, how does the separate GMP become learned if all set shots are taken at the foul line, and how soon does the separation of one GMP to two programs occur in the development of expertise?
In terms of further directions for research on these issues, this claim for especial skills for the foul shot could be tested using measures of kinematics, chiefly, relative timing. If separate programs exist, then one should be able to show that certain measures of the patterning (such as relative timing) are invariant across changes in shot distance. And, the relative timing in the set shot at the foul line (or pitch at 60.5 ft) should be different than that at other distances. In contrast, if the similar relative timings were found for all set shots, then the evidence would support a single GMP view, with different representations underlying the parameterization processes.
Future research should also be directed at uncovering other tasks that conform to the criteria of especial skills. Perhaps only certain types of tasks would be Figure 5 -Baseball pitching performance (percent pitches entering the strike zone) as a function of the distance from the pitching location to the plate. The filled squares represent the actual success at the irregular pitching locations; the unfilled square represents the actual success at the regulation distance (60.5 ft); and the unfilled circle represents the predicted success at the regulation distance (60.5 ft) based on individual regression analyses using the irregular pitching distances (with permission of the authors).
likely to produce an especial effect. Potential candidates may be tasks that have more precise beginning and end points, with little variability in practice and end game performance. Archery, darts, or rifle/pistol shooting come to mind as activities that have little variability in practice location, and also have outcome performance goals to targets also with little variability (e.g., the bullseye). Moreover, it would be beneficial to further consider the mechanisms behind what truly make these skills especial, beyond massive amounts of practice in specific practice conditions. Such designs could look at what factors make the strong performance superiority effects disappear. Based on the new basketball evidence presented here, in particular the fact that the learned-parameters hypothesis was not supported, it seems appropriate to conjecture that the distance of the shot taken (or pitch thrown) itself may not be the critical factor but instead other factors from the specific conditions of practice that accrue with massive amounts of practice are important (e.g., perceptual-motor, visual-motor representations).
As it stands, even without kinematic evidence, the results reported here have supported and extended our previous work on especial skills (Keetch et al., 2005; Simons et al., in press ). Massive amounts of practice produce specific capabilitiesin terms of the set shot taken at the foul line or the pitch taken from the pitcher's mound-that are demonstrably separate from the seemingly similar skills that surround them. Future theoretical efforts could be directed at incorporating and understanding both the generalities in the class of actions and the specificity of the especial skills that happen to have received massive amounts of practice.
